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ABSTRACT 
Background:  Orthopaedics is the clinical discipline with the lowest percentage of female residents and faculty.  
Pediatric orthopaedics has a higher percentage of women than other orthopaedic subspecialties.  It was the purpose 
of this study to examine bibliometric trends in the Journal of Pediatric Orthopaedics (JPO) with a specific focus on 
gender.   
Methods:  A bibliometeric analysis for the years 2015, 2005, 1995, 1985, 1981 was performed.  The names of first 
and corresponding authors; corresponding author position; country of origin; number of institutions, countries, 
authors, printed pages, and references was tabulated.  Author gender was identified for the first and corresponding 
authors using the “Baby Name Guesser” (http://www.gpeters.com/names/baby-names.php).  A p < 0.05 was 
considered significant.   
Results:  There were 746 publications; 68.7% were from North America.  The average number of authors, 
corresponding author position, collaborating institutions, countries, and number of references increased, while the 
number of printed pages decreased.  Asia had the greatest number of authors (4.4), with Australia/New Zealand the 
fewest (3.4).  Gender was determined for 98.3% of the first authors and 98.5% of the corresponding authors.  There 
was a significant increase in the number of female first authors over time (5.9% to 25.6%, p < 10-6), especially in 
Europe and North America.  There were significant increase in the number of female corresponding authors over 
time (5.8% to 17.6%, p = 0.000009).  There was a significant trend to have a greater percentage of both female first 
and corresponding authors over time (p = 0.0005) with a reverse trend for both male first and corresponding authors 
(p < 10-6).   
Conclusions:  The increasing number of authors is a well known phenomenon and JPO is no different.  Scientific 
publication is needed for promotion and tenure at academic medical centers.  In this study, we noted that the number 
of female first and corresponding authors in JPO has been steadily increasing.  Hopefully this will continue 
resulting.  This should result in more female pediatric orthopaedic surgeons in academic faculty positions.   
___________________________________________________________________
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Academic institutions worldwide value manuscript publication for career development in the tenure and promotion 
process.  The number of publications an author has is now a form of currency in the academic profession (1-6).  
Publications are used to gain admission to medical school and residency, achieve academic promotion, and to 
compete for funding and research grants.  There has been an increase in authorship over time (1, 7-11).  This may 
reflect playing a numbers game to achieve promotion and tenure, or it may also reflect increasing collaboration 
amongst authors.  Such collaboration can be at different institutions, even in other states, countries and continents.  
Interdisciplinary collaboration requires commitment to a definition of goals, but enables researchers to solve 
complex, modern, multifaceted issues.  Although researchers are competing against one another for funding and the 
culture of science has traditionally been more guarded, tTechnology allows researchers to form relationships with 
mutual respect and trust, enabling collaboration.   
There is a well known gender discrepancy in achievement of promotion and tenure in US academic medicine (12-
15).  Medicine was traditionally a male dominated field but is now changing.  The percentage of female medical 
students increased from 11 % in 1980 to 47% in years 2013-2014 (16, 17).  These general changes in medical school 
matriculation may not equally translate to the residency gender composition of residents enrolled in residency 
programs.  While surgical specialties have seen an increase in the number of female residents, surgical percentages 
are still lower than the overall percentage of female residents (18).  The percentage of female orthopaedic surgery 
residents increased from 0.61% in 1970 to 13.2% in 2010, well below the percentage of all female residents in all 
medical careers at 46.1% (18-20).  Many studies have examined why women may be underrepresented in 
orthopaedics.  Postulated theories include 1) lack of musculoskeletal education, 2) unfamiliarity with the field, 3) 
lack of female mentors and 4) unpleasant experiences/gender sterotype (20-26).  Across all US medical schools, 
orthopaedics is the clinical discipline with the lowest percentage of female residents (18, 27-29) and full-time female 
faculty (17, 26, 30).  
Pediatric orthopaedics has a higher percentage of women than other orthopaedic subspecialties.  From 2010 to 2014 
women accounted for 25% of all applicants to pediatric orthopaedic fellowships (31).  Sharkey et. al. (32) noted that 
females comprised 20.9% of candidate and active members of the Pediatric Orthopaedic Society of North America 
(POSNA).  However, female members presented abstracts at a lower rate than males, suggesting females might be 
experiencing “barriers to academic participation”.  It was the purpose of this study to examine all bibliometric trends 
in the Journal of Pediatric Orthopaedics (JPO) including number of authors, geographic origin of the study, with a 
specific focus on author gender.   
MATERIALS AND METHODS: 
Data Collection Methodology 
An analysis of JPO examining one year from each decade in addition to the first year of publication (2015, 
2005, 1995, 1985, 1981) was performed.  Similar methodology regarding intermittent year selection been previously 
described and validated in bibliometric studies (11, 33-36).  Publication data was downloaded into EndNote X7 
(Thomson Reuters, New York, NY, 2013) for review and then later into a Microsoft Excel (Redmond, WA, 2013) 
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file.  The names of first and corresponding authors; corresponding author position; country of origin (corresponding 
author) and  state or province for publications from the USA or Canada; number of institutions, countries, authors, 
printed pages, and references was tabulated.  Countries were grouped by regions.  North America was designated as 
the United States of America and Canada; Mexico, Central America, and South America as Latin America; the 
European continent including Russia and Turkey as Europe; and Asia as all Asian countries beginning west of 
Turkey, including the Middle East and Israel.  The other regions were Africa and Australia/New Zealand.  
Manuscripts without author’s names and those that were not original research (eg. memorandums, meeting notes, 
and abstracts) were excluded.  Electronically published articles that were not printed until the following year were 
also deleted.  The number of times each publication was cited was analyzed as a proxy of research quality.  Citation 
data was obtained from a Scopus search during August 2016.  Since more recent publications have a lesser chance 
of being cited, the citation values were normalized by dividing the number of times cited by the age of the article on 
August 2016 (1 for 2015, 11 for 2005, 21 for 1995, and 31 for 1985, and 35 for 1981).  We thus also tabulated the 
number of institutions and countries for each manuscript.   
Author gender was identified for the first and corresponding authors using the method described by 
Mimouni et. al. (37).  The author’s first name was entered into the “Baby Name Guesser” at 
http://www.gpeters.com/names/baby-names.php; the gender and gender ratio that indicated the likelihood of a 
male/female result was obtained.  A ratio above 3.0 was chosen as a correct gender (37).  If the ratio was less than 
3.0, a Google search was used to assign gender; if such a search could not ascertain the gender, it was excluded for 
any gender-based analyses.   
We hypothesized that advancements in technology increases the speed and ease of communication over 
large distances and thus increases collaboration.  As publications have become increasingly important at all stages of 
academic careers from medical school applications to obtaining grants and tenure, we anticipated that the number of 
co-authors listed on publications would also increase over time.   
Statistical Analysis 
 Continuous data are reported as the mean ± 1 standard deviation.  Discrete data are reported as percentages.  
Analyses between groups of continuous data were performed using non-parametric tests due to the data not having 
normal distributions (Mann-Whitney U – 2 groups; Kruskal-Wallis test – 3 or more groups).  Differences between 
groups of discrete data were analyzed by the Fisher’s exact test (2 x 2 tables) and the Pearson’s χ2 test (greater than 
2 x 2 tables).  Trends over time for categorical variables were assessed using the Cochran linear trend test.  For all 
statistical analyses p < 0.05 was considered statistically significant.  Statistical analyses were performed with Systat 
10 software (Chicago, IL, 2000).   
RESULTS 
 There were 746 publications that met inclusion criteria; 53 from 1981, 138 from 1985, 137 from 1995, 152 
from 2005, and 166 from 2015.  The total percentage of publications by region was 68.7% from North America, 
17.0% from Europe, 9.9% from Asia, and 3.1% from Australia/New Zealand.  This did not change over time (2 
test, p = 0.17). The remaining 1.2% were from Africa and Latin America and excluded from analyses by region.  
Those from Asia came from Japan (28.1%), Korea (25.0%), and Israel (21.9%). All other Asian countries 
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contributed less than 5%.  For those from Australia or New Zealand, 70% were from New Zealand and 30% from 
Australia.  Those from Europe came from the United Kingdom (18.1%), Sweden (10.3%), Turkey (9.5 %), Italy 
(6.9%), France, Germany, Poland, and Portugal (6.0% each), and Finland, Ireland, and Spain (5.2% each).  All other 
European countries contributed less than 5% of the publications.  For North America, USA contributed 92.3% of 
publications and Canada 7.7%.  The corresponding authors located in New England and California, followed by 
Texas, Pennsylvania, and Ontario, had the greatest percentages of publications (15.6% from California, 6.8% from 
Massachusetts, 8.3% from New York, 7.3% from Pennsylvania, and 5.6% from Texas, Pennsylvania, and Ontario) 
(Figure 1).  All other states/provinces contributed less than 5%. 
Over the time span studied, the average number of authors increased from 2.4 to 4.8, corresponding author 
position increased from 1.2 to 2.6, number of collaborating institutions from 1.2 to 2.2, number of countries from 1.0 
to 1.1, number of references from 17.6 to 23.0, while the number of printed pages decreased from 6.3 to 5.6 (Table 
1).  The number of normalized citations was 0.70 in 1981, increased to 2.07 in 2005, and then dropped to 1.08 in 
2015.   
 Differences by region of origin were also noted (Table 2).  Asia had the greatest number of authors at 4.4, 
followed by Europe, North America, and Australia/New Zealand with the fewest at 3.4.  The corresponding author 
position was 1.9 for North America, Asia, and Australia/New Zealand, and 1.6 for Europe. Although the number of 
collaborating institutions did not differ significantly by region, there was a significant difference in the number of 
countries collaborating on each publication by region.  Publications originating from Australia/New Zealand had the 
greatest number of countries collaborating at 1.3, while Europe, Asia, and North America all had 1.1 countries.  
There were no significant differences by region for the number of references, printed pages, or normalized citations. 
 The corresponding author position increased over time (Figure 2).  In 1981, the corresponding author was 
first author 60% of the time and last author 9% of the time.  There were 21% single author articles in 1981. Similar 
numbers were seen for 1985, except that the number of single author articles decreased to 10%.  This trend 
continued until there were no single author articles in 2015.  The percentage of corresponding authors as first 
authors remained constant at approximately 60% until 2015 when a decline to 53% was observed.  The percentage 
of corresponding author as last author increased from 9% in 1981 to 38% in 2015.  
Gender could be determined for 98.3% of the first authors and 98.5% of the corresponding authors.  There 
was a significant increase in the number of female first authors over time (p < 10-6, Cochran linear trend, Figure 
3A); 5.9% in 1981, 7.0% 1985, 7.6% in 1995, 13.5% in 2005, and 25.6% in 2015. There was a dramatic and 
significant increase in female first authors over time in Europe (p = 0.001, Cochran linear trend) and North America 
(p = 0.00006, Cochran linear trend), as the percentage of female first authors in Europe rose from 0% to 33.3%, and 
in North America from 5.6% to 23.9%.  There was no trend for Asia.  The data for Australia/New Zealand was 
based on a small sample size and was not significant.  
 There were significant differences in the number of female corresponding authors over time (p = 0.000009, 
Cochran linear trend) (Figure 3B), which increased from 5.8% 1981 to 17.6% in 2015.  When broken down by 
region, North America demonstrated an increase (p=0.00004, Cochran linear trend), with female corresponding 
authors going from 5.4% to 20.0%, as well as Europe (p = 0.037, Cochran linear trend), going from 0% to 12%.  
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The percentage of female corresponding authors changed over time in Asia (p = 0.014), without a linear trend (p = 
0.72).  The data for Australia/New Zealand was again not interpretable based on a small sample size. 
 There was a significant trend to have a greater percentage of both female first and corresponding authors 
from 1981 to 2015.  The total percentage of publications with both female first and corresponding authors was 7.9%, 
and went from 5.8% in 1981 to 8.6% in 2015 (p = 0.0005, Cochran linear trend).  The trend was reversed for both 
male first and corresponding authors; the total percentage of publications with both male first and corresponding 
authors was 83.5%, and went from 94.2% to 71.7% (p < 10-6, Cochran linear trend).  There was also a trend to have 
female first and male corresponding authors, going from 0% to 4.6% (p = 0.0005, Cochran linear trend), as well as 
male first and female corresponding authors, going from 0% to 3.0% (p = 0.011, Cochran linear trend). 
DISCUSSION 
 This JPO bibliometric study has shown that the number of authors, institutions and countries has increased 
over time, while the number of printed pages has dropped.  This drop likely represents a conscious effort to reduce 
the burden of weight, publication cost, and shipping expenses for the hard copy product.  The increasing number of 
authors is a well known phenomenon in all of academic medicine (1, 7-11, 35), and JPO is no different.  The 
correctness of this change is controversial, and is being debated at many levels (10, 38) as it may or may not reflect 
the increasing complexity of medical research (9-11, 38).  Multi center studies allow for larger numbers with more 
robust data, analyses, and conclusions.  Such methodology is an improvement from single center studies, and can 
explain, at least in part, the increasing number of authors, although this is being fervently debated (9-11, 38).   
Orthopaedic surgery has traditionally been a male dominated field, although this is changing over time, but 
not commensurate with the number of female medical student matriculates or graduates (20-22).  Pediatric 
orthopaedics has the highest percentage of applicants for fellowships compared to other orthopaedic subspecialties, 
as well as the highest rate of success in the match (31).  This likely reflects the increasing number of female 
pediatric orthopaedic surgeons.  In May 2017, the overall percentage of female North American POSNA members 
was 20.5% (248 of 1211); for senior members it was 3.5% (8 of 227), active members 19.9% (140 of 705), and 
candidate members 35.8% (100 of 279) (39).  This clearly demonstrates that the number of women in pediatric 
orthopaedics is increasing over time.  
There are potential limitations of this study.  First, it was a sampling every decade.  It is possible that the 
particular sample year happened to have a much different distribution of papers by the factors studied.  However, we 
were looking for trends in this study, not absolute numbers.  Our method has been validated by many other studies 
(11, 33-36).  Another limitation is that the gender was not found for all of the publications.  However, the impact 
would be small since the gender was not identified in only 1.5 to 1.7% of the studies.  Finally, there might be some 
errors in the assignment of the geographic region by using the corresponding author’s location.   
 Scientific publication is needed for promotion and tenure at academic medical centers.  Successful 
publication is the “true currency” for academic promotion (1-6).  There is still a lag, however, in participation of 
females in abstract authorship at recent POSNA meetings (32).  After abstract authorship, the next step is manuscript 
publication; here the gender gap has been ubiquitously described (40).  In this study, we noted that the number of 
female first and corresponding authors in JPO has been steadily increasing.  This has been noted globally but may 
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be hitting a plateau (41).  Hopefully, the trend will not plateau, but continue to have an increased number of female 
pediatric orthopaedic surgeons in academic faculty positions.   
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FIGURE LEGENDS 
Figure 1.  Origin of manuscripts from North America.  Darker shading represents a higher percentage of 
manuscripts from that state/province, with white no manuscripts from that state/province. 
 
Figure 2.  Percentage of corresponding authors by position. 
 
Figure 3. 
A.  Gender distribution of first authors over time by region.  
B.  Gender distribution of corresponding authors over time by region.   
 
 
